Study Design. Experimental analysis was performed to determine the effects of low-velocity rear-end impacts on phasic and magnitudinal activity of the cervical muscles in expected and unexpected conditions.
Whiplash-associated disorders are commonly linked with motor vehicle collisions. These disorders cause a significant social and economic burden. In Europe, 10 to 20 billion DM are awarded each year in compensation to victims of whiplash. 2 Approximately 5000 whiplash cases are reported in the Canadian province of Quebec annually, accounting for 20% of traffic injury claims. 6, 7, 29 The period of compensation increased from 72 days in 1987 to 108 days in 1989. 29 Approximately 65% of all reported whiplash injuries occur after lowvelocity impacts. 2, 10 Despite the common occurrence of whiplash, knowledge of the event is very limited. 17, 33 Earlier studies generally reported that whiplash injuries result from changes in velocity (acceleration of 13 to 24 km/hour). 3, 21, 29 More recently, consensus has been emerging that the threshold velocity change at which the most minor discomfort may appear in some cases is 8 km/hour. 18, 19, 32, 35 One study reported discomfort at a velocity change of 4 km/hour. 1 Although the spatial position and active motion of the head are controlled largely by the motor behavior of the cervical muscles, they have been largely ignored in the whiplash debate. The role of muscle control in cervical motion is evident from the report that the osteoligamentous preparation of the cervical region is capable of supporting only one fifth to one fourth of the weight of the head. 22 Without muscle control, the osteoligamentous structures cannot even hold the head in position, let alone resist forced motion such as that created in rearend impacts.
In a kinematic, electromyographic, and radiologic study of low-velocity impacts with velocities of 10 to 15 km/hour, the motion of the head started 90 ms after acceleration of the occupant compartment and seat began. 2 The posterior cervical muscles became active 60 ms after onset of vehicle acceleration. 2 In vitro studies have shown that when an impact is delivered to the osteoligamentous preparation of the cervical region, the head begins to move 85 ms after magnet release. 24 Thus, in vivo experiments agree with in vitro experiments.
In other studies, Kumar et al 12 reported that muscles played an important role in controlling head-neck motion in a rear-end impact. Another study reported that subjects who were aware of an impending impact activated their cervical muscles to mitigate the mechanical impact by 30%, indicating the significance of the role of muscles. 14 Kumar et al 12, 13 reported that the muscle strength capacity of the sternocleidomastoids, splenii capitis, and trapezii is directionally dependent (i.e., greatest in extension and decreasing progressively toward flexion). A predictive relation between force exertion and the cervical muscle electromyogram (EMG) has been re-ported. 13 No significant differences between surface and inserted electrodes used to record EMG were reported. 16 To discern motor function, Kumar et al, 15 in yet another study, mapped the spectral parameters of the cervical muscles. However, no study could be identified that had considered the effect of progressive acceleration on the cervical muscles in a rear-end impact. Therefore, a study was designed to investigate the response of the sternocleidomastoids, splenii capitis, and trapezii muscles using surface EMG in human volunteers subjected to simulated rear-end impacts of varying intensities and one of two states: expectation and nonexpectation of the impending impact. The objectives of this study were to determine the relation between the magnitude of the impact and the magnitude and slope of EMG activity of the cervical muscle, to determine the temporal relation between impact and onset of muscular activity, and to determine the effect that expectation of the impending impacts has these relations.
Methods
Sample. Seven healthy normal subjects with no history of whiplash injury and no cervical spine pain during the preceding 12 months volunteered for the study. The study was approved by the university health research ethics board. The sample had a mean age of 25.7 Ϯ 2.7 years, a mean height of 173 Ϯ 5.3 cm, and a mean weight of 71 Ϯ 14.9 kg.
Tasks. Before sled acceleration, the cervical strength of the volunteers was measured. The seated and stabilized subjects exerted their maximum effort in attempted flexion, extension, and lateral flexion to the left and the right, as described by Kumar et al. 12 Subsequently, the sled was delivered accelerations of 4.9, 8.8, 10.8, and 13.7 m/s 2 in a random order by the pneumatic piston.
14 The accelerations were delivered under two conditions. Volunteers were either expecting (expected group) or not expecting (unexpected group) the impact.
Experimental Setup. The strength-measuring device has been described elsewhere. 12 The EMG system consisted of surface electrodes, electrode cables, preamplifiers, and amplifiers. Bipolar electrodes with an interelectrode distance of 1 cm were used. The electrodes were placed bilaterally on the most prominent aspect of the sternal head of the sternocleidomastoids (SCM) and the superior trapezii (TRP) at C4. Special attention was given in palpating the splenius capitis (SPL) to avoid overlap with either the SCM or the TRP. The small size of the electrodes permitted their application within the exposed area. In addition, directed movements of the head verified the proper electrode placement because there was little EMG cross talk in the optimal location. The electrodes were applied carefully to the identified areas after suitable preparation of the skin. A ground electrode was place above the right acromion. The lownoise and low-nonlinearity preamplifiers had a common mode rejection ratio of 130 dB and a wide bandwidth. These amplifiers fed to low-power, high-accuracy instrumental amplifiers designed for signal conditioning and amplification. The amplifier had AC coupled inputs with a single-pole RC filter that had a low cutoff frequency of 8 Hz.
The acceleration device consisted of an acceleration platform and a sled (Figure 1 ). The full details of the device are given in Kumar et al. 14 An abbreviated description follows. The acceleration platform had parallel tracks 2 ϫ 200-cm long mounted lengthwise 60 cm apart. These tracks permitted smooth gliding of the sled on the rails, with a low coefficient of friction (0.03). This assembly allowed a maximum linear speed up to 36 km/h. At one end of the platform, a pneumatic cylinder with a piston stroke length of 30 cm was connected to an air supply and mounted rigidly on the acceleration platform. The device was calibrated for the delivery of known forces causing acceleration of 4.9, 8.8, 10.8, and 13.7 m/s 2 . The opposite end of the platform was equipped with a high-density rubber stopper in the sled's path to prevent it from sliding off the platform.
The sled consisted of a molded plastic seat with a backrest and four legs mounted to a rectangular sliding board coupled with the tracks for friction-reduced travel on impact. The sled was equipped with a footrest and four buckled straps to stabilize the lower extremities. The seat was fitted with a four-point seat restraint system. The volunteers faced the direction of travel for all experimental trials.
Three high-performance triaxial accelerometers with a full scale nonlinearity of 0.2% were used in the study. They had a dynamic range of Ϯ5 g, a sensitivity of 500 mV/g, and a resolution of 5 mg within bandwidth DC-100 Hz.
Data Acquisition. The data acquisition system consisted of an analog-to-digital board with a 100-kHz sampling capacity. Each of the nine acceleration channels and six EMG channels as well as the force channel were sampled at 1 kHz in real time. The sampled signals were stored on a computer with a large hard disc for storage and processing. Strength data were collected and converted to units of force (N). The corresponding peak and average magnitude of EMG were measured and used in the normalization of the EMG. Each strength test and acceleration condition was 5 seconds in duration. The force and EMG data were collected during the strength tests, whereas the EMG and acceleration data were collected during the experimental trials. The peak and average strength, EMG, and acceleration values obtained from these sets of data were subjected to quantitative and statistical analysis.
Test Protocol. After the experiment was discussed and informed consent obtained, the age, weight, and height of each volunteer was recorded. The volunteers then were seated on the chair and stabilized in neutral spinal posture for the cervical muscle strength measurement. The details of the technique are described elsewhere. 12 After the strength testing, two triaxial accelerometers were fixed to the volunteer: the one immediately inferior to the seventh cervical vertebrae at the level of the shoulder and the other immediately superior to the glabella region of the frontal bone of the skull. The accelerometers were affixed to the volunteers with strong self-adhesive tapes. The axes of the three accelerometers were aligned with the path of the chair. The pneumatic cylinder was aligned such that the piston head of the cylinder and the baseboard of the rear of the sled were in contact. The pneumatic piston delivered the appropriate acceleration to the sled. The subjects in the "expected" group were informed about the forthcoming impact magnitude in qualitative terms: very slow, slow, medium, and fast. The subjects in the "unexpected" group were blindfolded and provided a portable stereo with engaging music playing loud enough to block any auditory cues. The data collection was initiated, and after 1 second the pneumatic piston was fired to accelerate the sled.
Data Analysis. In the analysis, the sample of volunteers was collapsed across gender because preliminary analysis showed no statistically significant differences in the peak EMG amplitudes between the men and women. Data analysis was performed in three stages.
In the first stage, the peak EMG amplitude of the SCM, TRP, and SPL (right and left) were measured in response to maximal isometric flexion, extension and lateral flexion (right and left) in the neutral posture. The EMG amplitude corre- sponding to the peak force in each direction (flexion:SCM; extension:TRP; and right and left lateral flexion:right and left SPL) was given a value of 100%. The EMG amplitudes recorded during the acceleration trials were normalized against this maximal value.
In the second stage, the velocity and acceleration of the sled subsequent to the pneumatic piston impact and the rubber stopper impact were calculated. The time of the peak acceleration from the firing of the piston was measured. The data on the peak and average accelerations in all three axes of the sled, shoulder, and head for all four levels of accelerative impacts and for both levels of expectation (expected and unexpected) were measured. For the amplitude analysis, the magnitudes of the full-wave rectified, averaged, and linear envelope-detected EMG signals were subjected to 7-point segment polynomial smoothing repeated once. From such traces, peak EMG, average EMG, and the slope depicting the rise of the EMG traces were obtained. Also, the time relations of the onset and peaking of the EMG in relation to the piston firing were measured and analyzed.
In the third stage, a statistical analysis was performed using the SPSS statistical package (SPSS Inc., Chicago, IL) to calculate descriptive statistics, correlation analysis between EMG and head acceleration, analysis of variance (ANOVA) of the EMG slope, time of peak EMG, EMG onset time, peak EMG, average EMG, and the force equivalents.
Results

Electromyogram Amplitude in Rear-End Impacts
The mean peak (normalized) EMG amplitude of the cervical muscles tested in this experiment for the expected and unexpected impacts at each applied acceleration level are presented in Table 1 . Figure 2 illustrates the EMG recorded under these conditions in V. As the level of applied acceleration increased, the magnitude of the EMG recorded from the left and right SCM increased progressively and disproportionately. The EMG was greater during unexpected impacts.
The normalized EMG showed that the percentage of SCM magnitude SCM increased steadily with the increasing magnitude of the impact and generally for both the expected and unexpected conditions (Table 1 and Figure 3 ). In the unexpected condition, at an acceleration of 13.7 m/s 2 , the left SCM exerted 179% and the right SCM 140% of the mean normalized maximal voluntary contraction, whereas the splenii and the TRP never ex- Times for the sled, shoulder and head represent the time at which acceleration in z-axis (direction of travel) began. Times for the cervical muscles represent the onset time for EMG activity. Values in parenthesis represent one standard deviation.
ceeded 35% of this variable. The percentage of exertion in the SPL was higher than in the TRP for both expectation conditions at the highest level of applied acceleration. In terms of force equivalents, as calibrated through the first part of the experiment, the SCMs were required to resist the rear-end impact in excess of their maximal voluntary contraction capability, increasing to 102 N. During such impacts, the SPL produced a maximum force equivalent of 45 N, whereas the TRP reached a maximum force equivalent of 21 N.
Electromyogram Slope During the rear-end impacts with increasing magnitude of applied acceleration, the slope increase in the EMG response for the SCM in the unexpected condition rose from 545 to 1997 V/s in the left SCM, and from 7805 to 2815 V/s in the right SCM (Table 2) . These values were significantly less in the expected condition. In comparison, the incline of the SPL and TRP slopes did reach the same levels as the SCM slope, but the SCL slope was greater than the TRP slope for all levels of applied acceleration and expectation.
Timing
The time of the sled, shoulder, and head acceleration onset in the z-axis and the EMG signals of the six muscles examined are presented in Table 3 . The time of onset was measured from the firing of the pneumatic piston. The time of the sled, torso, and head acceleration onset decreased with increased applied acceleration. Similarly, the time of the EMG onset decreased with increased applied acceleration. The mean times at which peak EMG occurred for all the experimental conditions are presented in Table 4 . The peak EMG for the SCM occurred shortly after the firing of the piston in the unexpected condition and remained relatively stable through each level of acceleration. At the lowest applied acceleration level in the expected condition, there was a long delay, which was not present at the higher acceleration levels.
Head Acceleration
The kinematic response of the head to the four levels of applied acceleration in the expected and unexpected conditions is shown in Figure 4 . As anticipated, an increase in applied acceleration resulted in an increase in excursion of the head and accompanying accelerations. An accelerative impact of 13.7 m/s 2 induced as much as 7 ms/s 2 of acceleration for the head in the z-axis. The head acceleration response was greater in the unexpected than in the expected condition.
Statistical Analyses
The applied acceleration, the muscles examined, and the volunteer's expectation had significant main effects on the peak EMG activity (P Ͻ 0.001) ( Table 5 ). To justify the combination of the male and female EMG responses to applied acceleration, gender was entered into the analysis, and the results were nonsignificant, indicating that gender did not confound the results.
Clearly, with greater magnitude of impact, there was a greater teleologic response and each muscle responded differently. Awareness of the impending impact significantly reduced the muscle activity (P Ͻ 0.01). The different levels of acceleration affected different muscles differently. The volunteers used different muscle recruitment strategies when they were aware of an impending impact than when they were unaware of it. The responses of the SCMs differed significantly from those of the SPL (P Ͻ 0.001) and TRP (P Ͻ 0.001), whereas the responses of the SPL and TRP were not differ significantly.
The levels of acceleration, the muscles examined, and the level of expectation had significant main effects on both the slope of EMG and the time of EMG onset (P Ͻ 0.02). Each affected the onset time of the muscles examined.
Initially, regression analyses were performed only up to 13.7 m/s 2 using linear, quadratic, cubic, power, and exponential functions. The best relation was obtained by power function, although all the other functions also were significant and explained more than 90% of the variability. The kinematic variables of head displacement, velocity, and acceleration in response to applied acceleration were calculated. These regression equations explained more than 98% of the variability of all three variables. Subsequently, these equations were used to extrapolate slightly more than twice the value of the highest applied acceleration ( Figure 5 ). The percentage of variability accounted for the raw and normalized peak EMGs, and the force equivalents ranged from 96% to 100%, except the right TRP, which ranged from 55.4% to 65.8% (Table 6 ). The left side muscles had a higher level of explained variability (99.1% to 99.9%). The slope of EMG rise was accounted for between 88.3% and 97.3%. Again, a better fit was obtained for the left than for the right side muscles ( Table 6 ). The onset time and the time at which peak EMG occurred also showed significant regressions (P Ͻ 0.01), with 67.7% to 98.5% of the variability explained for the SCM. For the SPL and the TRP, 75% to 99.9% and 14.1 to 97.5% of the variability were explained, respectively. Using the obtained regression equations, the responses of the left and right SCMs were extrapolated to more than twice the applied acceleration value ( Figure 6 ).
Discussion
Three possible mechanisms of cervical whiplash have been proposed. In a porcine model, it was shown that after a sudden violent rearward motion, considerable, high intracranial pressure was created, leading to neuronal degeneration. 30 Damage to the facet joints was pro- posed as another mechanism of cervical whiplash. 34, 35 It was reported in another study that during a rear-end impact, the greatest extension of the cervical region takes place at the inferior cervical vertebrae, creating an Sshaped curve. 22, 23, 25 This initial inferior deformation at C6 -T1 was assigned the causative role of ligamentous injury. 22, 23, 25 It also was reported that the osteoligamentous preparation of the cervical region was capable of supporting only one fifth to one fourth of the head load. 24, 26 This observation clearly indicated that a central role may be played by the cervical muscles in injury causation during rear-end impacts, particularly in low velocity collisions. Because the muscles are the first in the line of defense for the cervical region, they are likely to be the first in casualty as well.
The current authors propose that whiplash injuries are complex and progressive. Muscles, ligaments, facet joints, and the brain are injured in sequence with increasing magnitude of impact ( Figure 7 ). The current model suggests several stages of whiplash injury. In the series of rear-end impacts described in this report, although the EMG magnitudes for low acceleration levels were small, they rose rapidly as a power function in a nonlinear fashion. At lower acceleration levels, the unexpected conditions engendered a higher level of EMG activity in the SCMs than the expected conditions. This changed even further at the highest acceleration, with the SCMs exceeding 100%.
Although studies have dealt with the magnitude of cervical erector spinae response in a sustained accelerative force environment (flight) 8, 9 with isometric torques 11, 20, 27, 28 or sudden loading of both the anterior and posterior aspects of the cervical spine, 5 in radiculopathy 4 only a few studies have looked into cervical muscle behavior in rear-end impacts. Stretch reflexes are modulated by muscle spindles, Golgi tendon organs, or both, and likely are reflex-mediating sense organs. In one study that used the most direct method to accelerate the head, pulling on the head with a cable, the shortest EMG onset times ranged from 62 to 68 ms for flexors and 57 to 62 ms for cervical extensors. 5 In the vehicle-to-vehicle rearend impact experiment, onset times of 122 to 123 ms for flexors and 114 to 119 ms for extensors were reported. 32 Onset time of 60 ms, 98 and 82 ms from car bumper contact, has been reported. 1, 2 In a collision simulation laboratory experimental study, muscle activities were reported to be 119 ms after the motion of the sled. 16 In the current study, a significantly different picture emerged (Table 3 ). The progressive and statistically significant decline (P Ͻ 0.01) in onset time, from 180 to 123 ms in the left SCM and 186 to 110 ms in the right SCM, with applied accelerations from 4.9 to 13.7 m/s 2 in the unexpected conditions, was considerably higher than reported in other studies. However, it must be noted that these onset times were measured from the solenoid firing, which is likely to lengthen the onset time. Furthermore, a significant difference (P Ͻ 0.01) between the expected and unexpected impacts, although in agreement with Kumar et al, 14 is at odds with other findings. 16 On the basis of their observation, Magnusson et al 16 supported the inference drawn by Szabo et al 31 that the cervical muscle response was controlled by a central mechanism and had no influence from somatosensory, vestibular, or visual stimuli. Such a stark difference between the results of the current study and those of others 16, 32 leaves the reconciliation of different data sets open to question.
One difference between these experiments and the current study was that the sled in this study had a molded plastic chair with no upholstery and an upright backrest. Clearly, with this design, the progressive increase in somatosensory stimuli resulting from compression of the upholstery as the seat began to move forward was absent. Given the upright backrest and posture as opposed Figure 6 . Extrapolated regression plots of the effect that applied acceleration has on the left and right sternocleidomastoid muscles for the variables of peak electromyogram (EMG) (V), normalized EMG (percentage of isometric maximal voluntary contraction), and force equivalent of EMG (N). to sunk-in backward inclined torso in the other study, the input of somatosensory input was delayed. This could have caused some lengthening of the onset time. Furthermore, in both the current study and the previously reported study, 14 the firing of the solenoid to release the air pressure was another input signal to the central system that could have synchronized the muscle firing had it been centrally regulated. The progressive decrease in EMG onset time with increasing magnitude of acceleration may suggest that the cervical muscle response is triggered by peripheral input of muscle stretch.
The significant difference in the onset time of different muscles (P Ͻ 0.001) at different levels of acceleration (P Ͻ 0.001) (Table 5 ) defies the logic of a central response. From the data presented in this report, it would appear that the onset time may have been modulated largely by the stretch reflexes in the system. In the current study, the onset time was determined from the instant the solenoid was fired. The difference between this time and sled acceleration ranged from 25 to 81 ms depending on the level of applied acceleration. When these values are subtracted from the SCM firing time, the onset time at the highest level of acceleration in this study is brought into agreement with those in other studies. 16, 32 However, if the onset of the cervical muscle was a central response, there is difficulty explaining such a longer onset time for the muscles. Furthermore, the expected trials did not always produce a shorter onset time. A large difference between the onset times of the left and right sides also indicates that these responses are more likely modulated by the stretch reflex on reception of the mechanical stimulus than controlled centrally. It appears that the somatosensory visual or vestibular cues do not have a primary role in this mechanism, although they may modify the response to some undetermined extent.
Significant differences in the onset of different muscles were explained by Magnusson et al 16 as a possible function of the moment arms of the muscles. The suggestion that muscles with larger moment arms are brought into action first because of the mechanical advantage may need additional justification. First, the SCMs with the shortest delay have an oblique orientation, and their midpoint may not be that far away from the line of action of other cervical muscles. Second, an impact from the rear tends to move the head backward. Hence, contraction of the TRP, SPL, and the levator scapulae tend to accentuate rather than resist the motion. Because of their origin and insertion, the SCMs undergo lengthening in any rear-end impact. A 6% lengthening of the SCMs has been reported. 1 Stretching is likely to be a very effective mechanism for triggering stretch receptors.
The foregoing discussion, however, does not rule out any central input. Driving a motor vehicle is a learned behavior that involves significant training and conditioning of the somatosensory mechanisms in particular. Therefore, it is likely to have a role in strengthening or modifying the peripheral response. This is clearly shown by the data reported in the current experiment. The onsets in unexpected conditions were later than those in the expected conditions (P Ͻ 0.002). Also, there were unique responses of muscles to different levels of acceleration. A significantly different response between men and women for different muscles under both expected and unexpected conditions (P Ͻ 0.004) may support this argument.
The regression analysis showed a power function relation between the motion variables of the head and the applied and projected acceleration. The projected values are hypothetical and likely to be affected by the ligaments and joint geometry in a manner different from that recorded in the experiment. Nonetheless, the experiment provided a sense of the head's behavior. With additional experiments uncovering more information regarding the modulus of elasticity of various ligaments and capsules, it may be possible to estimate the threshold level or range of acceleration at which injuries are likely to occur. A similar regression analysis of EMG amplitude (raw, normalized, and force equivalents) assist in discerning the level of acceleration most likely to precipitate some injury. It must be emphasized that no experimental results of the current study help in determining this. However, further research may enable the achievement of this goal.
Muscles maintain posture. When subjected to mechanical perturbation, muscles respond to counteract the perturbation or restore the posture. The current study, along with many others, demonstrates that the harder the perturbation, the greater the muscle response. Higher muscular response is associated with greater tension in the muscle as greater tensile load in the tissue. A review of the mechanical properties by Yamada 33 states that the ultimate tensile strength of skeletal muscles was found to be 19 g/mm 2 for the SCMs and 16 g/mm 2 for the TRP. In contrast, even the elastic ligament (ligamentum nuchae) had an ultimate tensile strength of 160 to 320 g/mm 2 depending on site from which the sample was taken. The aponeuroses had an ultimate tensile strength of 1.11 kg/ mm. 2 The fascia and tendons had an ultimate tensile load of 5.3 and 5.4 kg/mm 2 , respectively. Clearly, the skeletal muscles are the weakest link in the chain. Yet with postural perturbation, these muscles are first recruited to counteract the perturbation or restore the posture. Under these circumstances, it seems reasonable to surmise that the skeletal muscles, if deployed immediately, are the likely source of injury. In fact, it has been stated that even with a velocity change up to 8 km/hour, the cervical region does not reach its physiologic range of motion. 18, 19 Yet, cervical injuries are reported at lowvelocity impacts. It appears that when the cervical region has not reached its physiologic range of motion, the ligaments are less likely to be injured. Given the disparity in the mechanical properties of these tissues, appears that the restraining muscles may be injured first before the stronger and less deformable ligamentous tissues sustain injury. On the basis of this logic, Figure 7 presents a hierarchical model of whiplash injury with progressively increased in acceleration.
The current study has some limitations. First and foremost, the sled used a contoured plastic chair instead of an actual car seat. The latter changed the inclination at the hip, making trunk upright in the current study. Furthermore, because the seat had no upholstery, the pattern of somatosensory input would have been different from that of an actual car seat. The current authors believe that the magnitude of the cervical muscle EMG as well as the head and torso acceleration response to the acceleration would have been altered by using this type of chair. However, the pattern of response likely was similar to what would have been obtained with the use of an actual car seat. Experiments to test this hypothesis are currently in progress.
The applied acceleration was a sudden push forward rather than a rear-end impact to the volunteer's seat similar to what would be expected from a rear-end collision. Such an impact could be attained through modification of the experimental design, which will be incorporated into future studies. Finally, it is possible that the firing sound of the solenoid, which occurred before acceleration began, may have had some influence in creating a difference in the response, thus causing the sound generated from the contact to be coincident with the motion.
Key Points
• With rear-end impact, the sternocleidomastoid muscles are activated more than the trapezii or splenii capitis.
• The sternocleidomastoids reaches 179% of their maximal voluntary contraction with an acceleration of 13.7 m/s 2 .
• The trapezii and splenii capitis did not rise above 35% of their maximal voluntary contraction.
• It is surmised that during rear-end impact, such a mechanism is likely to injure the sternocleidomastoids before other injuries occur.
• Awareness of impending impact significantly reduced the muscle response, and lack of awareness had the opposite effect.
• Being struck unexpectedly is likely to reduce the change in speed at which injuries may be precipitated.
